A total of 30-50% of early breast cancer (EBC) patients considered as high risk using standard prognostic factors develop metastatic recurrence despite standard adjuvant systemic treatment. A means to better predict clinical outcome is needed to optimize and individualize therapeutic decisions. To identify a protein signature correlating with metastatic relapse, we performed surface-enhanced laser desorption/ionization-time of flight mass spectrometry profiling of early postoperative serum from 81 high-risk EBC patients. Denatured and fractionated serum samples were incubated with IMAC30 and CM10 ProteinChip arrays. Several protein peaks were differentially expressed according to clinical outcome. By combining partial least squares and logistic regression methods, we built a multiprotein model that correctly predicted outcome in 83% of patients. The 5-year metastasis-free survival in 'good prognosis' and 'poor prognosis' patients as defined using the multiprotein index were strikingly different (83 and 22%, respectively; Po0.0001, log-rank test). In a multivariate Cox regression including conventional pathological factors and multiprotein index, the latter retained the strongest independent prognostic significance for metastatic relapse. Major components of the multiprotein index included haptoglobin, C3a complement fraction, transferrin, apolipoprotein C1 and apolipoprotein A1. Therefore, postoperative serum protein pattern may have an important prognostic value in high-risk EBC.
Introduction
Over the last decades, advances in adjuvant chemotherapy have substantially improved the treatment of poor prognosis early breast cancer (EBC). Prognostic factors currently used by clinicians for decisions of adjuvant chemotherapy have been reported during the consensus conferences of National Institute Health (NIH) and St-Gallen (NIH, 2001; Goldhirsch et al., 2003) . They include clinical (ageo40 years) and pathological (tumor size >10-20 mm, lymph node invasion, Scarff-BloomRichardson (SBR) grade II-III, no hormonal receptivity) parameters. However, despite appropriate locoregional treatment and adjuvant systemic anthracyclinebased chemotherapy, 30-50% of patients will eventually develop metastatic relapse and die (EBCTCG, 1998) . Thus, current clinical and pathological parameters are not able to identify, among this overall poor-prognosis population, those patients who will be actually cured by standard therapies and those who will ultimately relapse. Such a failure in prediction is thought to be due to a relative inability to fully address the molecular heterogeneity inherent to cancer process and represents a major obstacle to a more personalized management of cancer disease. The increasing development and the expected availability of alternative therapies in the adjuvant setting makes crucial the identification of parameters that might more accurately predict the clinical outcome in individual patients after standard adjuvant chemotherapy.
High-throughput RNA expression profiling of tumor was recently demonstrated as a powerful method to enlighten cancer complexity and heterogeneity as well as decipher numerous pathways and molecular networks that may simultaneously operate in cancer diseases (Golub et al., 1999; Clark et al., 2000; Perou et al., 2000) . Notably, in EBC patients, DNA microarray studies have generated transcriptional signatures that better correlate with relapse-free or overall survival than conventional prognosis criteria (Bertucci et al., 2002 (Bertucci et al., , 2005 van de Vijver et al., 2002; van't Veer et al., 2003) . Similarly, a RT-PCR-based multigene assay was recently shown to accurately predict the probability of recurrence in tamoxifen-treated node negative breast cancer (Paik et al., 2004 ).
An alternative and complementary approach is to perform proteome expression analysis. Clinical proteomic profiling studies were recently boosted by development of surface-enhanced laser desorption/ionizationtime of flight (SELDI-TOF) mass spectrometry (MS) which allows relatively high-throughput protein analysis of highly complex biological samples, with limited preprocessing steps. This technology combines chromatographic fractionation of the proteome using protein biochips and TOF MS analysis that can be applied to various clinical samples, such as serum (Fung et al., 2001) . As blood circulates through all areas of the body, it might be modified either qualitatively or quantitatively by virtually every tissue encountered. Consequently, serum may be an appropriate surrogate tissue to investigate since it may share the fingerprint of various physiologic or pathologic processes involving cancer tissue and/or host response (Fung et al., 2005) . Coupled to appropriate bioinformatic tools, SELDI-TOF MS was recently shown as a very promising method for probing serum to identify protein patterns and/or biomarkers related to various stages and types of solid tumors (Adam et al., 2002a; Petricoin et al., 2002a, b; Koopmann et al., 2004; Wadsworth et al., 2004; Zhang et al., 2004) , which could serve as early diagnostic markers.
Herein, we have studied early postoperative serum proteomics in high-risk primary breast cancer patients and provided the first evidence that such an approach may have a significant prognostic value.
Results

Patient characteristics
Serum from 81 high-risk EBC patients receiving adjuvant chemotherapy was subjected to protein profiling using SELDI-TOF MS technology. Clinical and pathological characteristics of patient and samples are shown in Table 1 . All patients had been treated by primary surgical resection and serum samples were collected postoperatively before starting any adjuvant treatment. All patients had received adjuvant chemotherapy, mostly anthracycline-based (97%), and subsequent locoregional radiotherapy. Hormonal therapy by antiestrogen (21 patients) or antiaromatase (one patient) was administered after chemotherapy and radiotherapy when appropriate. No patients received taxane-based adjuvant treatment.
After a median follow-up of 86 months (range 20-115), 48 patients displayed metastatic relapse (M þ ) and 33 patients were long-term metastasis-free survivors MFS (MÀ). The 5-year MFS and OS were 45.7% [95% CI 36-57.9] and 66.8% [95% CI 57.1-78.1], respectively.
Protein profiling of serum samples Serum samples were first fractionated using anion exchange beads. Since preliminary experiments identified fractions one, four and six as the fractions generating the largest number of resolved peaks, only those fractions were bound to CM10 and IMAC-Cu ProteinChip arrays. These six conditions (F1 CM10, F1 IMAC, F4 CM10, F4 IMAC, F6 CM10 and F6 IMAC) generated 667 protein peaks in total, ranging from 96 to 129 peaks per condition. Excel files containing absolute linear and normalized log-transformed intensity values of all serum protein resolved across the sample population are available as supplementary material (Table S1 ).
The intra-assay variation of each SELDI ProteinChip assay was determined by SELDI profiling of a mix of pooled serums from the study population, spotted randomly onto 12 of the 96 wells of the ProteinChip arrays along with the 81 analytical samples. The pooled coefficient of variance (pCV) for peak intensity was calculated for each experimental condition and had a mean of 22% (12-35%), in agreement with previous reports (Petricoin et al., 2002a, b; Koopmann et al., 2004; Zhang et al., 2004) .
Identification of a prognostic multiprotein signature Among the six experimental conditions, 40 protein peaks presented a statistically significant differential expression (Po0.05 using Mann-Whitney test) between patients with metastatic outcome (M þ ) and metastasisfree surviving patients (MÀ) (see supplementary Serum proteomics and prognosis of early breast cancer A Gonc¸alves et al material Table S2 ). Figure 1 provides scatter plot representation of normalized log-transformed expression of various differentially expressed proteins between M þ and MÀ patients.
To identify a multiprotein signature that can predict metastatic relapse, we used a two-step biostatistic process. We first reduced the dimension of the data set using the partial least-squares (PLS) method. PLS allowed us to generate three linear combinations of the 40 protein peak intensities, creating three new variables C1, C2 and C3 that had been chosen in a supervised fashion to maximize the covariance of the data set with the phenotype to discriminate, that is, metastatic outcome. Figure 2a illustrates the projection of each sample according to its new coordinates in the C1-C2, C1-C3 and C2-C3 planes. As shown, patients with metastatic relapse were then easily separated from long-term MFS.
Then, using a logistic regression model, we built an equation that gave for each sample the probability of metastatic relapse, knowing C1, C2 and C3. Figure 2b shows the probability of metastatic relapse according to the multiprotein index, along with the actual outcome of patients. Samples ordered using this probability were sorted in two classes: samples with a calculated probability greater than 0.5 were assigned to the 'poor prognosis' class, while those with a calculated probability less than 0.5 were assigned to the 'good prognosis' class. This classifier predicted rather successfully clinical outcome: 42/50 patients (84%) in the 'poorprognosis' class displayed metastatic relapse whereas 6/31 (19%) in the 'good-prognosis' class did .38], Po0.0001, Fisher's exact test). Thus, our multiprotein index was able to correctly predict outcome in 83% of patients with sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of 87, 76, 84 and 81%, respectively (Table 2 ). Consistency and robustness of the model were verified using leave-one-out cross validation. The observed correct prediction rate after crossvalidation was 72% and sensitivity, specificity, NPV and PPV were 73, 70, 78 and 63%, respectively.
Multiprotein-based classification of breast cancer samples
We next searched for correlations between our multiprotein-based classification and histoclinical features of tumors. As mentioned above, there was a strong correlation with clinical outcome. As shown in Figure 3a , the 5-year MFS were very significantly different between the two classes of patients defined by the multiprotein index. The 5-year MFS in the 'goodprognosis' class was 84% compared to 22% in the 'poor-prognosis' class (Po0.0001, log-rank test). The 5-year OS was also very largely different between these two classes (94 vs 49%; Po0.0001, log-rank test) ( Figure 3b ). As shown in Table 3 , tumor size, hormonal receptivity and age were not significantly different between the two prognostic classes. However, in the Serum proteomics and prognosis of early breast cancer A Gonc¸alves et al 'poor-prognosis' class, there were significantly more patients with X4 involved lymph node and more patients with grade III tumors. Of note, the multiprotein index retained prognostic significance regardless of lymph node invasion. For example, the multiprotein signature classified the 37 patients with 0 to less than four involved axillary lymph nodes in two classes that correlated with MFS. In the 'good-prognosis' class, 1/19 patients experienced metastatic relapse as compared with 14/18 in the 'poor-prognosis' class (OR ¼ 63 [95% CI 6.31-628.34], Po0.0001, Fisher's exact test). The same was true for the 43 patients with 4 or more involved lymph nodes: the OR for metastasis was 8.4 (95% CI 1.72-40.9, P ¼ 0.0095, Fisher's exact test) among the 32 women assigned to the 'poor-prognosis' class as compared to the 11 women assigned to the 'good-prognosis' class. Interestingly, the rate of metastasis in patients with 0 or less than four involved lymph nodes assigned to the 'poor-prognosis' class of patients (14/18) was higher than in patients with four or more involved axillary lymph node assigned to the 'good-prognosis' class of patients (5/11) (OR ¼ 4.2 [95% CI 0.81-21.32]). However, this difference did not reach statistical significance (P ¼ 0.11, Fisher's exact test).
Uni-and multivariate analysis
We then estimated the prognostic value of conventional clinical and pathological factors in our population. As expected, in univariate analysis 5-year MFS correlated with pathological tumor size (pT1/pT2 vs pT3, Po0.0001), grade (grade I/II vs III tumors; Po0.01) and lymph node invasion (less than four positive lymph Each dot is a patient and color relates to the actual outcome (M þ patients are in red and MÀ patients in white). (b) Probability graph. The probability of metastatic relapse was calculated for each patient using a logistic regression-based equation of C1, C2 and C3. Each dot is a patient and color relates to the actual outcome (M þ patients are in red and MÀ patients in white). A probability threshold of 0.5 was chosen as cutoff to distinguish between predicted good and poor prognosis patients. 
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A Gonc¸alves et al nodes vs four or more positive lymph nodes; Po0.001), while hormonal receptivity did not reach statistical significance (P ¼ 0.09). However, in a multivariate Cox regression model that included the multiprotein index, grade (I/II vs III), pathological tumor size (pT1/pT2 vs PT3), lymph node invasion (less than four vs four or more), and hormonal receptivity (yes vs no) ( 
Serum protein identities
According to their m/z ratio, the fraction from which they were derived, the ProteinChip surface of capture, as well as data from previously performed serum profiling studies (ET Fung, unpublished data), it was possible to suggest identities for several potential protein biomarkers participating to the multiprotein index (see Table S3 ). These identities were further confirmed by serum immunodepletion experiments using specific antibodies. Thus, 9192 and 81763 Da proteins, which were upregulated in serum patients with subsequent metastatic relapse were identified as Haptoglobin alpha 1 chain and transferrin, respectively, while the 8936 Da serum protein which was positively correlated to MFS was shown to be C3a complement fraction. Similarly, we identified other proteins of molecular weights 28284 and 6647 Da as apolipoprotein A1 and apoliprotein C1, respectively, with low expression was associated to metastatic relapse (data not shown).
Discussion
Although conventional anthracycline-based chemotherapy improves the outcome of primary breast cancer (EBCTCG, 1998), a large number of patients with highrisk EBC still relapse and die of the disease. Among this unfavorable group classically defined by lymph node invasion and/or large tumor size, young age, high SBR grade, negative hormonal receptivity (NIH, 2001; Goldhirsch et al., 2003) , a more accurate identification of patients that will be ultimately cured with conventional adjuvant chemotherapy or that will experience metastatic relapse is critical. Such an a priori knowledge could confer a higher probability of cure with currently available therapeutic strategies to certain patients, while redirecting others toward more innovative and/or aggressive strategies.
Using SELDI-TOF MS, we have retrospectively investigated postoperative early serum proteomics from a population of 81 high-risk EBC patients receiving adjuvant chemotherapy. Serum samples collected after surgery and before any specific adjuvant treatment were subfractionated by combining anion exchange beads and retention on chromatographic ProteinChip arrays and analyzed by TOF-based MS. Proteins differentially expressed according to the metastatic outcome were selected and subjected to biostatistical analysis combining supervised PLS projection and logistic regression modeling. A 40-protein index was generated that correctly predicted the clinical outcome in 83% of patients and identified in this population 2 classes of patients ('good prognosis' and 'poor prognosis') with highly significant difference in 5-year MFS and OS. Importantly, the multiprotein index had the strongest independent prognostic value in this population when compared to conventional clinical and pathological factors with known prognostic significance, such as lymph node invasion, pathological tumor size, grade and hormonal receptivity. Some components of this multiprotein index were identified and included haptoglobin alpha 1 chain, transferrin, C3a (Adam et al., 2002b; Petricoin et al., 2002b) , breast cancer (Vlahou et al., 2003) . However, application of this technique to addressing clinical questions relating to prognosis and/or therapeutic response prediction has been limited.
In our study, the patient population was retrospectively retrieved based on the availability of appropriately stored serum samples and on a sufficient follow-up (at least 6 years for disease-free surviving patients). Patient characteristics clearly displayed high-risk features with 91% of patients having lymph node invasion with a median number of four lymph nodes involved, 45% having grade three tumors, and with a median tumor size of 25 mm. Long-term MFS and OS in our population were consistent with previously reported results in this subgroup of poor-prognosis EBC (Bonadonna et al., 1995) . Although data were generated from a retrospective unicentric and small-sized sample population, the multiprotein index validity and robustness were tested using the standard leave-one-out crossvalidation method. Consequently, these results may serve as a 'proof-of-concept', supporting serum profiling studies with prognosis objectives. However and importantly, they do require further validation in an independent and larger sample set -the accrual of which is now ongoing at our institution -before entering prospective evaluation.
How can early postoperative serum be informative for long-term clinical outcome in breast cancer patients? Metastatic relapse after primary surgery of EBC can be thought as arising from clinically undetectable minimal residual disease after disruption of the complex interactions between cancer cells and tightly-regulated physiological tumor-control processes. These processes include stroma-generated growth factors, angiogenesis system and immune survey (Demicheli et al., 1997; Heimann and Hellman, 2000; Pupa et al., 2002) , all being potentially affected by the surgical procedure itself (Fisher et al., 1989; Tagliabue et al., 2003) . Consequently, protein peaks participating to our multiprotein index could theoretically stem from tumor cells and/or the host response, which both have the potential to modify qualitatively or quantitatively the serum proteome. For example, the significant excess of high grade tumor and patients with X4 involved lymph node in the predicted 'poor prognosis' class may indicate that the multiprotein index contains proteins related directly or indirectly to proliferation and invasion processes. In addition, since adjuvant chemotherapy was administered to all patients, this serum protein signature may also relate to the chemosensitivity along with the intrinsic tumor phenotype.
SELDI-TOF-based serum profiling studies reported to date have only identified as relevant biomarkers nonspecific host response-generated proteins, present at rather high levels, around mg/ml (Diamandis, 2004) . Although SELDI-TOF MS has greater analytical sensitivity than this, the presence of the abundant proteins obscures the less abundant proteins. We attempted to address this problem by prefractionating the samples using anion exchange chromatography. It is likely that other approaches to prefractionation will reveal other protein peaks. However, considering the postoperative time as a period when the tumor burden is the lowest, it is unlikely that proteins differentially expressed according to the clinical outcome may arise directly from the persistent minimal residual disease. Rather, serum multiprotein signature could correlate with postoperative host response, including growth factor-mediated cell activation, negative immune regulation and early enhancement of the angiogenic process. As suggested by Demicheli et al. (1997) , those early postsurgical events may play a critical role in subsequent metastatic process, while determining the patients who can benefit from cytotoxic adjuvant treatment.
We identified some of the components of this index and observed that these proteins are well known relatively abundant host-response proteins. However, some of them may yet potentially directly impact on the metastatic process. For example, haptoglobin, an acutephase protein mainly produced in the liver has been shown to be upregulated in the serum of patients with various solid tumors (Ahmed et al., 2004; Bharti et al., 2004; Kwak et al., 2004; Tolson et al., 2004) , and has also been demonstrated to participate in angiogenesis, tissue remodeling and cell migration (Cid et al., 1993; De Kleijn et al., 2002) . Similarly, a proposed role for transferrin signalling has been suggested in regulating the metastatic capacity of various solid tumors including breast cancer (Nicolson et al., 1992; Inoue et al., 1993; Cavanaugh and Nicolson, 1998; Cavanaugh et al., 1999) . Transferrin was also demonstrated as promoting the angiogenic phenotype (Carlevaro et al., 1997) . Additionally, early impediment of immune surveillance, as potentially reflected in our study by a decrease in activated complement components such as C3a, may favor subsequent tumor relapse. Interestingly, it was recently shown that specific matrix metalloproteinases involved in the metastatic process were able to cleave C3b complement component thereby inhibiting subsequent complement cascade activation and protecting breast cancer cells from complement-mediated injury (Rozanov et al., 2004) .
Finally, posttranslational alterations of relatively abundant host-response serum proteins without clear relevance to the metastatic process could be generated by a given tumor-specific enzymatic machinery. Rather than diluted, low level tumor-specific proteins, SELDIanalysis could detect more abundant but specifically tumor-processed host-response proteins (Paradis et al., 2004; Zhang et al., 2004) . These issues will benefit from purification and identification of the other contributors to the multiprotein index that are currently ongoing. Interestingly, some of the identified biomarkers in our study were found to be modulated by various cancer diseases in other serum-based proteomic studies. Thus, haptoglobin was found upregulated in serum of ovarian, oesophageal and small-cell lung cancer patients (Steel et al., 2003; Ahmed et al., 2004; Bharti et al., 2004) , while complement C3 and apolipoprotein A1 (Steel et al., 2003; Zhang et al., 2004) were found downmodulated in liver or ovarian cancer. However, these studies were dedicated to the identification of serum biomarkers associated to cancer diagnosis, rather than prediction of clinical outcome.
Unfortunately, due to the retrospective nature of the study, only limited data were available regarding to the ERBB2 status of the tumor samples, preventing us from any relevant analysis of the correlation between the multiprotein index and ERBB2 overexpression. Future prospective studies addressing the prognosis value of the serum protein profile will have to include this important parameter.
Importantly, one must note that the serum multiprotein index generated in our study only addresses the outcome of very high-risk EBC patients, allowing to distinguish among an overall poor prognosis population, those patients who could be cured with conventional treatment and those who should be offered more aggressive or innovative treatments. It remains to be investigated whether or not the serum protein signature retains prognostic significance in good prognosis patients, where the main challenge is to deliver or not adjuvant chemotherapy. Furthermore, our results need to be discussed in front of the recent introduction of taxanes in the adjuvant treatment of EBC. Indeed, recent studies have clearly demonstrated a benefit in term of MFS and OS when paclitaxel or docetaxel are associated with anthracylines in chemotherapy regimen administered after primary surgery of EBC patients with lymph node invasion (Henderson et al., 2003; Nabholtz et al., 2002) . However, the taxane-anthracycline combination, although effective is probably more toxic and certainly more expensive, justifying efforts to identify patients likely to be cured by conventional anthracycline-based regimen alone. In addition, the benefit of taxanes seems to be restricted to a particular subgroup with less than four lymph nodes involved, whereas no clear advantage can be shown in higher lymph node involvement. Therefore, it should remain of interest to identify among these patients those with a high probability of relapse, making them candidate to alternative strategies, potentially more effective but also more aggressive such as dose-dense-based approaches (Citron et al., 2003) .
What could be the practical interests of postoperative serum proteomic profiling in high-risk EBC? First, serum may be easily collected after surgical procedure, without major technique limitations. Second, the putative prognostic information that serum proteomic patterns may share, could help to select the nature and the intensity of the postoperative systemic treatment to deliver. Finally, serum protein patterns could combine to tumor tissue-based profiling technologies (such as microarrays and/or multigene assay) in order to achieve an optimal outcome prediction, ultimately leading to highly individualized postoperative systemic treatments.
In conclusion, using a SELDI-TOF MS-based profiling approach on a high-risk EBC population receiving standard adjuvant chemotherapy, we have identified a postoperative serum proteomic profile that may predict metastatic relapse. Validation on a larger and independent population as well as full identification of the components of this multiprotein index are currently in progress. Notwithstanding the final results of this process, these data suggest a prognostic value for serum in cancer patients receiving specific treatment and should support the prospective collection of serum samples in translational studies directed to predict clinical outcome and/or therapeutic response.
Materials and methods
Samples
The study involved a retrospective series of 81 postoperative serum samples from high-risk EBC patients, collected between 1994 and 2000 at the Institut Paoli-Calmettes (Marseille, France) with available clinical, pathological and follow-up annotations. All samples were collected with institutional approval. Selection of samples was based on the following criteria: (i) EBC with delivery of adjuvant anthracycline-based chemotherapy because of a high risk of metastatic relapse defined according to the following parameters: pathological lymph node involvement or no pathological lymph node involvement but negative hormonal receptor status or pathological tumor size >20 mm or age o40 years or grade III; (ii) availability of postoperative and pre-chemotherapy serum; (iii) no relapse after a minimal follow-up of 6 years after diagnosis or metastatic relapse within 6 years. Importantly, patients with second primary cancer or local/contralateral relapse before metastatic recurrence were excluded from the sample population. Serum was obtained within 21 days after surgery and before initiation of any other anticancer treatment. All samples were processed within one hour after collection and rapidly frozen at À801C.
Protein expression profiling
Samples were subjected to SELDI-TOF MS profiling using the ProteinChip Biomarker System as recommended by Ciphergen Biosystems (Fremont, USA). Briefly, serum samples (20 ml) were first denatured and fractionated using anion exchange chromatographic beads and pH gradient elution (pH 9/flow through, 7, 5, 4, 3, organic solvent, referred as to F1, F2, F3, F4, F5 and F6) . Aliquot of fractions (10 ml) were bound with a randomized chip/spot allocation scheme to IMAC-Cu and CM10 ProteinChip arrays. The energy absorbing molecule (crystallization matrix) sinapinic acid was dissolved in 50% acetonitrile/0.5% trifluoroacetic acid and was promptly applied. Spotted arrays were read using the PBS IIC ProteinChip reader. All samples to be compared in a given experimental condition were processed together. For each experimental condition, arrays were read at two setting either optimized for low molecular weight (2-30) or high molecular weight (20-200) ranges.
Fractionation steps, ProteinChip array binding and matrix applications were performed using a Biomek 2000 Robot (Beckman Coulter, Fullerton CA, USA) equipped with the ProteinChip Biomarker Integration Package. Only F1, F4 and F6 fractions that had been shown in preliminary experiments as the fractions containing the largest number of peaks were subjected to analysis. A pool of randomly spotted human serum specimens was used for monitoring the intra-assay reproducibility. External mass calibration was performed daily and instrument performances were monitored weekly, using appropriate purified protein mix.
Spectra were externally calibrated, baseline subtracted, and normalized to total ion current within m/z (mass/charge) range of 1.5-150 kDa. Qualified mass peaks (signal/noise >5; cluster mass window at 0.3%) within the m/z range of 2-20 kDa (LMW) and 20-200 kDa (HMW) were selected automatically using integrated Biomarker Wizard software. The resulting Excel files containing absolute intensity and m/z ratio of protein peaks resolved were obtained and subjected to data analysis.
Analysis of proteomic data
Logarithmic transformation was applied to the peak intensity before analysis for biomarker discovery. Protein peaks resolved from each experimental condition were tested for differential expression between patients with metastatic relapse (M þ ) and long-term MFS (MÀ) using Mann-Whitney test. Differentially expressed proteins were defined as those with a P-value o0.05.
Selected proteins were then subjected to partial least squares (PLS) projection (Nguyen and Rocke, 2002a, b; Antoniadis et al., 2003) . PLS is a method that reduces high dimensional multivariate data (x 1 , x 2 , y, x n ) by creating several linear combinations (herein C1, C2, and C3) that substitute for the original variables: (C1 (x 1 , x 2 , y,
x 2 þ y, a 2 ,n x n ); (C3 (x 1 , x 2 , y, x n ) ¼ a 3 ,0 þ a 3 ,1 x 1 þ a 3 , 2 x 2 þ y a 3 , n x n ). Coefficients a were chosen in a supervised fashion to maximize covariance of C1, C2 and C3 with the phenotype to discriminate (M þ or MÀ). Logistic regression was applied to the new variables to build a model that calculates the probability (between 0 and 1) of displaying metastatic relapse, knowing C1, C2 and C3. A probability threshold of 0.5 was chosen as cutoff to distinguish between predicted good and poor prognosis patients. Biostatistics was performed using R software version 2.0.0. We tested our model for consistency, robustness and validity by using the leave-one-out crossvalidation class prediction method. Briefly, one withholds a sample, builds a predictor based only on the remaining samples, and predicts the class of the withheld sample. The process is repeated for each sample and the cumulative error rate is calculated.
Statistic analysis
Distributions of molecular, pathological and clinical factors were compared using either the w 2 or Fisher's exact tests for categorical variables and the Wilcoxon and Mann-Whitney tests for continuous variables. MFS was calculated from the date of diagnosis to the time of metastasis as first event or time of last follow-up for censored patients. Overall survival (OS) was calculated from the date of diagnosis to the time of death as first event or time of last follow-up for censored patients. No patient died from cause other than breast cancer. Survival estimates were derived from Kaplan-Meier method (Kaplan and Meier, 1958 ) and compared by log-rank test. The influence of molecular grouping, adjusted for other factors, was assessed in multivariate analysis by a Cox proportional hazard model (Cox, 1972) . Survival rates, odds ratio (OR) and relative risks (RR) are presented with their 95% confidence intervals (95% CI). Statistical tests were two-sided at the 5% level of significance. All statistical tests were performed using R software version 2.0.0.
Identification of protein markers by immunodepletion
Immunodepletion experiments using commercially available antibodies against selected proteins were performed. Antibodies included mouse anti-human apolipoprotein A1 (Calbiochem 178474); sheep anti-human haptoglobin (Cortex, CR2114SP); rabbit anti-human apolipoprotein C1 (Academy Bio-Medical Company, 31A-R1a); rabbit anti-human complement C3a (Cortex CR6032RP); control mouse IgG (Sigma, I5381)); rabbit anti-human transferrin (Dako 0061), control sheep IgG (Sigma, I5131); control rabbit IgG (Sigma, I5006).
Briefly, antibody was coupled to 100 ml Aminolink Plus coupling gel (Pierce). In all, 20 ml serum was fractionated using the EDM serum fractionation kit (Ciphergen, K100-0007). Relevant fractions, or crude serum, were diluted in binding buffer (phosphate-buffered saline (PBS) containing 0.1% triton) and incubated with antibody-coupled beads at 41C. The beads were then washed with PBS or PBS with Triton three times, and then briefly with water. Bound material was eluted with 10 ml elution buffer (33.3% acetonitrile, 16.7% isopropanol, 0.1% trifluoroacetic acid). The elutions were pooled and applied to NP20 ProteinChip arrays (Ciphergen) with sinapinic acid as matrix.
